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DESCRIPTION 

CATALYSTS FOR WATER GAS SHIFT REACTION, METHOD 
FOR REMOVING CARBON MONOXIDE IN HYDROGEN GAS 
AND FUEL CELL GENERATION SYSTEM 

Technical Field 

The present invention relates to a water-gas-shift- 
reaction catalyst used for converting and removing carbon 
monoxide (CO) in a gas which is rich in hydrogen through a 
water gas shift reaction, a method for removing carbon 
monoxide in a hydrogen gas using such catalyst, and a fuel 
cell generation system using such catalyst. 

Background Art 

A reformed gas which is rich in hydrogen is produced 
by a steam reforming reaction of a hydrocarbon gas, liquid 
or solid, or a fuel such as methanol or the like with steam, 
and such reformed gas contains carbon monoxide as a by- 
product. The reformed gas is used for a supply of hydrogen 
as a fuel in a fuel cell electricity generation system. 

It is contemplated that among fuel cells, a polymer 
electrolyte fuel cell (or solid polymer fuel cell) is used for a 
vehicle, a compact generator and a domestic co-generation 
system since it operates at a lower temperature, produces a 
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higher power density, and is expected to be compact and 
light and to have a shortened operation period. 

The polymer electrolyte fuel cell uses a 
perf luorosulfonic acid based polymer membrane as a proton 
5 conductive solid electrolyte and operates at a temperature 
between 50 °C and 100 C°. However, since the polymer 
electrolyte fuel cell operates at such a lower temperature, it 
is likely to be poisoned by an impurity contained in the 
reformed gas which is rich in hydrogen. Particularly, 
10 platinum used for an electrode in a fuel cell unit is likely to 
be poisoned by CO, and generation performance of the unit 
is degraded when CO is contained in the reformed gas 

C3 beyond a certain predetermined concentration. 

i y 

□ Thus, a CO removal unit is provided downstream a 

Cn 

1:1 15 reforming unit which produces the reformed gas rich in 



hydrogen from the fuel, and CO is selectively converted and 
removed through a water gas shift reaction (CO + H 2 0 — > 
C0 2 + H 2 ) so that a concentration of CO in the reformed 
gas is' usually reduced to not greater than 1 %. A catalyst 

20 for the water gas shift reaction is used for the CO removal 
as a CO conversion catalyst, and hitherto a Cu-Zn based 
catalyst has been conventionally used. It is noted that in 
the generation system using the polymer electrolyte fuel 
cell, a selective oxidation reaction unit is additionally 

25 provided downstream the CO removal unit so that the CO 



concentration in the hydrogen gas is further reduced for 
example to not larger then 50 ppm, and the hydrogen gas of 
which CO concentration is thus reduced is supplied to a 
fuel cell unit. 

Disclosure of Invention 

However, since an activity of the Cu-Zn based catalyst 
is low, a large amount of the catalyst has to be used in 
order that the CO concentration in the hydrogen gas is 
reduced to not larger than 1 %. Further, its activity ages, 
and therefore the catalyst has be replaced with a fresh 
catalyst periodically. Therefore, it is difficult to apply the 
Cu-Zn based catalyst to a fuel cell generation system 
wherein start and stop are repeatedly carried out, and in 
particular to a compact fuel cell generation system. 

The present invention has been made considering the 
problem as described above, and an object of the present 
invention is to provide a catalyst for a water gas shift 
reaction which can removes CO effectively in a hydrogen 
gas preferably within a broader temperature range and 
which can be used for the removal of CO contained in the 
hydrogen gas. Such catalyst can be used as a catalyst 
which accelerates a water gas shift reaction when CO is 
removed from a gas rich in hydrogen which is formed 
particularly in a fuel cell generation system. 



Another object of the present invention is to provide a 
method for reducing carbon monoxide in a hydrogen gas in 
which method the hydrogen gas containing carbon monoxide 
contacts with the catalyst for the water gas shift reaction 
catalyst as described above. 

A further object of the present invention is to provide 
a fuel cell generation system characterized in that a 
hydrogen gas which contains carbon monoxide contacts 
with the catalyst for the water gas shift reaction, and an 
obtained hydrogen gas of which carbon monoxide content is 
reduced is supplied to a fuel cell unit. 

In the first aspect, the present invention provides a 
catalyst for a water gas shift reaction characterized in that 
at least platinum is supported as an active component on a 
metal oxide carrier. 

In the catalyst according to the present invention, the 
metal oxide carrier is preferably at least one selected from 
the group consisting of zirconia, alumina, titania, silica, 
silica-magnesia, zeolite, magnesia, niobium oxide, zinc 
oxide and chromium oxide (it is to be noted that a metal 
herein includes also silicon). Among those oxides, zirconia 
is particularly preferable. Also, a carrier of zirconia, 
alumina, silica, silica-magnesia, zeolite, magnesia, niobium 
oxide, zinc oxide or chromium oxide coated with titania may 
be used as the metal oxide carrier. 
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As to the catalyst according to the present invention, 
an amount of the active component supported by the carrier 
is preferably between 0.1 % by weight and 10.0 % by weight 
converted into a platinum metal expression based on a 
5 weight of the carrier (that is, based on a weight of the 
carrier itself which does not include the active component, 
which is also applicable hereinafter to the amount of the 
supported active component). 

According to one embodiment, rhenium is supported as 

10 another active component in addition to platinum in the 
catalyst of the present invention. In this case, an amount 
of supported rhenium (converted into a rhenium metal 
expression) is preferably between 0.1 % by weight and 
10.0 % by weight based on a weight of the carrier. 

15 In a further embodiment, at least one other metal 

selected from the group consisting of yttrium, calcium, 
chromium, samarium, cerium, tungsten, neodymium, 
praseodymium, magnesium, molybdenum and lanthanum is 
further supported as a further active component in the 

20 catalyst of the present invention in addition to platinum and 
rhenium optionally present as described above. In this 
case, an amount of the further supported active 
component(s) (converted into a metal expression) is in total 
preferably between 0.1 % by weight and 10.0 % by weight 

25 based on a weight of the carrier. 
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As to the catalyst according to the present invention, 
any suitable manner may support the active component on 
the carrier. For example, a salt of a metal which is suitable 
for the active component is dissolved in a suitable solvent 
5 such as water, and thus obtained solution is mixed with the 
carrier (for example in a powder form) to produce a mixture 
(for example a slurry) before the mixture is dried 
(preferably dried by heating), so that the carrier is obtained 
as the catalyst for the water gas shift reaction on which 

10 carrier the active component is supported. 

The obtained catalyst for the water gas shift reaction 
is preferably subjected to firing thereafter. In the present 
invention, firing means a treatment wherein the carrier on 
which the active component is supported is kept at an 

15 elevated temperature, and makes it possible to produce a 
catalyst of which activity is higher. For example, the 
carrier is kept at a temperature between 400 °C and 600 °C 
(for example, 500 °C) for a period between one hour and six 
hours (for example, two hours) in a suitable atmosphere 

20 (for example, in air or in an inert atmosphere). 

In other embodiment, in place of or before firing, the 
catalyst for the water gas shift reaction which is produced 
by the above supporting is preferably subjected to a 
washing treatment. The washing treatment is carried out 

25 using water, preferably warm water and more preferably hot 
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water (for example, boiling water). Concretely, the washing 
treatment is so carried out that the carrier which includes 
the active component thereon is dispersed in water which is 
agitated, and then the carrier is separated (for example, by 
5 filtration) followed by drying. 

In the second aspect, the present invention provides a 
process of producing a catalyst for a water gas shift 
^ reaction which removes carbon monoxide in a hydrogen gas, 

which process comprises the steps of: 
j~ 10 (1) producing a slurry by mixing a metal oxide carrier 

t ;2 and a solution (preferably an aqueous solution) of a 

•zr - 

?u 

1~ platinum salt, and 

S 

}y (2) drying thus obtained slurry so as to obtain a dried 

J* carrier. According to this process, the catalyst for the 

15 water gas shift reaction according to the present invention 
as described above is produced. 

The process according to the present invention may 
further comprise the step of (3) firing the dried carrier thus 
obtained. In another embodiment, in place of or before 
20 carrying out the firing step, the process may further 
comprise the step of (4) washing the obtained dried carrier 
or the fired carrier and particularly washing it with hot 
water. It is noted that in the process according to the 
present invention, the platinum salt is converted to 
25 platinum as the active component and supported during 
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drying the slurry drying (step (2)), and further during the 
firing (step (3)) and/or during the washing (step (4)). 

The explanations as to the catalyst of the present 
invention as described above are applicable to the metal 
oxide carrier, the amount of the supported platinum, the 
firing, and the washing and so on in the process of 
producing the catalyst according to the present invention. 
In addition, rhenium in addition to platinum may be 
supported by the carrier, in which a solution of a rhenium 
salt is used in place of the solution of the platinum salt. 

As to supporting rhenium, rhenium together with 
platinum may be supported by the carrier, in which an 
aqueous solution containing both the rhenium salt and the 
platinum salt together is prepared (or an aqueous solution 
containing the platinum salt and an aqueous solution 
containing the rhenium salt are mixed), and the steps 
described above are carried out using the obtained solution 
(or the mixture). Alternatively, the above steps (1) and (2) 
in series are repeated twice wherein one component is 
supported first and the other component is supported 
subsequently so that the carrier is obtained which supports 
platinum and rhenium. 

In the process according to the present invention, in 
addition to platinum or in addition to platinum and rhenium 
as the additional active component, at least one other metal 



as described above may be supported by the carrier as a 
further additional active component. In this case, all of the 
metals may be supported together or each of the metals 
may be supported separately as in the case of rhenium as 
described above. It is noted that as to amounts of rhenium 
and the other metal to be supported, the above 
explanations as to the catalyst of the present invention are 
applicable. 

Further, in the third aspect, the present invention 
provides a method for removing carbon monoxide from a 
hydrogen gas containing carbon monoxide characterized in 
that the hydrogen gas is contacted with a catalyst for a 
water gas shift reaction which comprises a metal oxide 
carrier supporting at least platinum. As the catalyst for the 
water gas shift reaction in this method, the catalyst 
according to the present invention which is described above 
can be used. 

In this method, the hydrogen gas which contains 
carbon monoxide is contacted with the catalyst for the 
water gas shift reaction which is retained by a proper 
means or manner at a temperature between 200 °C and 
400 °C and preferably a temperature between 220 °C and 
350 °C in the presence of steam. The steam may be 
supplied in any suitable manner. The hydrogen gas which 
is used in this method is not particularly limited as far as it 
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contains carbon monoxide. For example, the method 
according to the present invention is preferably applied to a 
reformed gas which contains hydrogen as a main component, 
and also contains carbon monoxide and steam so that a 
concentration of carbon monoxide contained in the gas is 
reduced. 

Thus, in the fourth aspect, the present invention 
provides a fuel cell generation system which comprises a 
CO removing unit which contains a catalyst for a water gas 
shift reaction comprising a metal oxide carrier which 
supports at least platinum, which system is characterized in 
that the CO removing unit contacts a reformed gas as a 
hydrogen gas containing carbon monoxide produced by a 
steam reforming unit with the catalyst for the water gas 
shift reaction, whereby the hydrogen gas of which carbon 
monoxide concentration has been reduced is produced. 
The hydrogen gas of which carbon monoxide concentration 
has been reduced is supplied to a fuel cell unit. It is noted 
that when thus reduced carbon monoxide concentration in 
the hydrogen gas has to be further reduced before the 
hydrogen gas is supplied to the fuel cell unit (for example 
in the case of the polymer electrolyte fuel cell generation 
system), the hydrogen gas of which carbon monoxide 
concentration has been reduced through the CO removing 
unit is passed through a selective oxidation unit before it is 



1 1 

supplied to the fuel cell unit. 

Brief Description of Drawings 

Fig. 1 is a graph which shows relationships between a 
reaction temperature and a CO conversion when catalysts 
according to Examples 1 to 5 and Comparative Example 
were used; 

Fig. 2 is a graph which shows relationships between a 
reaction period and a CO conversion when catalysts 
according to Examples 3 and 4 and Comparative Example 
were used; 

Fig. 3 is a graph which shows reaction selecti vities 
when catalysts according to Example 3 and Examples 6 to 
1 6 were used. 

Fig. 4 is a graph which shows relationships between a 
reaction temperature and a CO conversion when catalysts 
according to Examples 3, 17 and 18 and Comparative 
Example were used; 

Fig. 5 is a graph which shows relationships between a 
reaction period and a CO conversion when catalysts 
according to Example 3, 4 and 19 and Comparative Example 
were used; 

Fig. 6 is a graph which shows CO conversions when 
catalysts according to Examples 3 and 20 to 27 and 
Comparative Example were used; 
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Fig. 7 is a graph shows relationships between a 
reaction temperature and a CO conversion when catalysts 
according to Example 17 and Comparative Example were 
used in Example 28. 

5 

Embodiment for Carrying Out the Invention 

Embodiments according to the present invention will 
be explained hereinafter. 

In the present invention, as the metal oxide which is 

10 the carrier for the active component, at least one selected 
from the group consisting of zirconia, alumina, silica, 
silica-magnesia, zeolite, magnesia, niobium oxide, zinc 
oxide, chromium oxide and these metal oxide coated with 
titania (for example those coated through CVD), and titania. 

15 Those metal oxides may be ones commercially available. 
The carrier may be in the form of powder or particles, or in 
the form of a shaped article such as a pellet. 

Alternatively, the metal oxide as described above may 
be one which are produced from other compound(s) by any 

20 suitable method. For example, zirconia as the carrier may 
be prepared by firing a hydrate of zirconium hydroxide as a 
starting material. 

Having platinum as the active component supported on 
such a carrier (for example a zirconia carrier) may be 

25 performed by adding the carrier into an aqueous solution of 
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a platinum salt (for example chloroplatinic acid), 
evaporating the solution while stirring, and optionally 
further heating the material obtained through evaporating 
so as to dry it, whereby the catalyst for the water gas shift 
reaction according to the present invention is obtained. 
Optionally, when the material obtained through evaporating 
or further heating has a large size (for example when it is 
in the form of a mass, it may be pulverized. When 
necessary, the carrier supporting the active component may 
be subjected to the firing treatment optionally after the 
pulverization. 

It is noted that when the obtained carrier is fine, it 
may be pressed to produce pellets using for example a 
press followed by pulverizing the produced pellets so as to 
produce catalyst particles having a diameter between 0.5 
mm and 1.0 mm. Such carrier may be used as the catalyst 
for the water gas shift reaction wherein the active 
component is supported by the carrier, and CO contained in 
the hydrogen gas is removed using the particles. 

As to the catalyst for the water gas shift reaction 
according to the present invention, a supported amount of 
platinum is in the range between 0.1 % and 10 % by weight 
based on the carrier weight. When the supported amount of 
platinum is less than 0.1 % by weight, it is difficult to have 
a sufficient catalyst activity to convert CO in H 2 to C0 2 
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through the water gas shift reaction upon the removal of CO. 
When . the supported amount of platinum is greater than 
10.0 % by weight, the catalyst activity is not so further 
improved and a production cost of the catalyst often 
5 becomes unprofitable. 

The CO removing catalyst may be also obtained by 
having other active component supported on the carrier in 
^ addition to platinum. As such other active component, 

J 12 } rhenium and yttrium, calcium, chromium, samarium, cerium, 

10 tungsten, neodymium, praseodymium, magnesium, 
molybdenum and lanthanum may be used. One or more 
metals selected from these metals may be supported on a 
J:^ zirconia carrier. When other active component(s) is 

~ supported, a salt of the selected active component is used 

I* 15 in the supporting manner as described in the above. 

Upon the preparation of the catalyst for the water gas 
shift reaction wherein the active component(s) in addition 
to platinum is supported on the carrier, when a metal(s) 
such as rhenium, and/or yttrium, calcium, chromium, 
20 samarium, cerium, tungsten, neodymium, praseodymium, 
magnesium, molybdenum and/or lanthanum is used as the 
active component, an aqueous solution of a platinum salt 
(such as chloroplatinic acid) and an aqueous solution(s) of 
a salt(s) of said other metal(s) (or an aqueous solution 
25 which contains these all salts together) are mixed with the 
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carrier, and then the obtained mixture is evaporated while 
being stirred, and the material obtained through the 
evaporation is heated so as to further dry if necessary. A 
subsequent treatment thereafter may be similar to that in 
the case of having platinum supported as described before. 
When a plurality of the metals are supported on the carrier 
as described above, it is not particularly critical in which 
form the metals are supported on the carrier as long as the 
effect as to the water gas shift reaction is provided. Thus, 
the metals may be or may not be in a state of an alloy. 

By having at least one selected from the above metals 
in addition to platinum supported on the carrier, the 
catalyst activity to remove CO is increased, and hydrogen 
consumption is because of methanation reaction 
simultaneously prevented. The methanation reaction in 
which CO reacts with H 2 to form methane occurs as a side 
reaction upon the conversion of CO in H 2 into C0 2 for the 
purpose of the removal of CO. Particularly, by having 
rhenium in addition to platinum supported, an effect to 
further increase the catalyst activity to remove CO is 
obtained. 

In this case, a supported amount of rhenium is 
preferably in the range between 0.1 % and 10.0 % by 
weight converted into the rhenium m tal expression based 
on the carrier weight. As to the metal(s) other than 
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rhenium, a supported amount of such metal(s) is preferably 
in the range between 0.1 % and 10.0 % by weight of the 
total of such metal(s). When the supported amount -of 
such metal(s) is less than 0.1 % by weight, it is difficult to 
have a sufficient effect to prevent the methanation reaction. 
When the supported amount of such metal(s) is greater than 
10.0 % by weight, the effect to prevent the methanation 
reaction is not so further improved and a production cost of 
the catalyst becomes unprofitable. 

In the above description, the active component such 
as platinum is supported by adding the aqueous solution of 
the salt of the active component to the carrier followed by 
evaporating the solution, further heating to dry and then 
firing the carrier. However, the catalyst for the water gas 
shift reaction according to the present invention may be 
produced by washing and particularly washing with hot 
water the carrier after evaporating or further heating. That 
is, the catalyst comprising the carrier supporting platinum 
and optionally the other metal(s) is stirred in the hot water 
(at a temperature between 80 °C and 100 °C, preferably 
boiling water) for a predetermined period (for example one 
hour) followed by filtration so as to separate the catalyst. 
After repeating such washing several times (and preferably 
until filtrate gets clear) and then drying, a catalyst is 
produced. Alternatively, the dried catalyst may be pressed 
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into the form of pellets, and thus obtained pellets may be 
pulverized into particles having a diameter between 0.5 mm 
and 1.0 mm so that the catalyst for the water gas shift 
reaction wherein the carrier supports platinum is obtained. 
When washing, and particularly washing with the hot water 
is carried out as described above, the subsequent firing 
may be or may not be carried out. 

By carrying out washing as described above, it is 
contemplated that what is present in the carrier and able to 
adversely affect the CO removal through the water gas shift 
reaction (for example, a material which is resulted from the 
carrier or the active component salt such as a chlorine ion) 
is reduced or removed from the carrier so that the catalyst 
activity to remove CO is further increased. For example, 
the adverse effect induces conversion degradation, 
selectivity degradation and increase of a by-product(s). 

It is generally noted that when the water gas shift 
reaction is conducted while using the catalyst according to 
the present invention, the catalyst is preferably subjected 
to a reduction treatment prior to conducting the water gas 
shift reaction since the active metal may have been 
oxidized. The reduction treatment may be carried out in 
any suitable manner, and for example in a manner wherein 
the catalyst is contacted with hydrogen at an elevated 
temperature. 
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According to the present invention, the catalyst for the 
water gas shift reaction produced as described in the above 
is able to be used in a water gas shift reaction unit wherein 
CO is removed from a reformed gas which is rich in 
hydrogen and which is produced from a hydrocarbon based 
gas (such as a butane gas), a hydrocarbon liquid or solid, 
or an alcohol fuel such as methanol and steam through a 
steam reforming reaction unit. Such water gas shift 
reaction unit is combined with a selective oxidization unit 
(for example a unit comprising a Ru-based selective 
oxidation catalyst) which is located downstream the unit, so 
that the CO concentration of the reformed gas is reduced 
below a predetermined level, and such reformed gas is 
supplied to a fuel cell unit, whereby a fuel cell generation 
system for example, the polymer electrolyte fuel cell 
generation system is formed. Such system is optimal for an 
automobile, a compact generator or a domestic 
cogeneration system. 

Industrial Applicability 

The catalyst for the water gas shift reaction according 
to the present invention wherein the metal oxide carrier 
supports at least platinum is able to effectively remove CO 
in a hydrogen gas at a temperature within a broader 
temperature range for example between 200 °C and 400 °C 
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so that it is easily applied to a compact and portable fuel 
cell generation system which repeats its start and stop 
operations. 

When the metal oxide carrier is at least one selected 
5 from the group consisting of zirconia, alumina, silica, 
silica-magnesia, zeolite, magnesia, niobium oxide, zinc 
oxide and chromium oxide and these metal oxide coated 
with titania, and titania, the CO removing activity of the 
^ catalyst for the water gas shift reaction in which platinum is 

10 supported is effectively obtained. Among them, using 
^ zirconia as the carrier is in particular effective. In addition, 

l y when the supported amount of platinum is in the range 

\~ between 0.1 % by weight and 10 % by weight based on the 

y carrier weight, the CO removing activity from the reformed 

y - 

^ 15 gas of the catalyst becomes further more effective. 

The catalyst in which rhenium in addition to platinum 
is supported is able to enhance the CO removing activity of 
the catalyst and simultaneously to prevent the occurrence 
of the methanation reaction. In addition, when the 
20 supported amount of rhenium is in the range between 0.1 % 
by weight and 10 % by weight based on the carrier weight, 
the effect to prevent the methanation reaction is effectively 
achieved. 

When the carrier supports, in addition to platinum or in 
25 addition to platinum and rhenium, at least one metal 
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selected from the group consisting of yttrium, calcium, 
chromium, samarium, cerium, tungsten, neodymium, 
praseodymium, magnesium, molybdenum and lanthanum, it 
is possible to enhance the CO removing activity and 
simultaneously to prevent the occurrence of the 
methanation reaction. In addition, when the supported 
amount of those metals is in the range between 0.1 % by 
weight and 10 % by weight based on the carrier weight, the 
effect to prevent the methanation reaction is effectively 
achieved. 

It is noted that the catalyst which is obtained by the 
washing treatment and particularly the washing treatment 
using the hot water after the active component has been 
supported has the enhanced activity, so that such catalyst 
is preferably used for the removal of CO from the hydrogen 
gas. 

In addition, the reformed gas rich in hydrogen which is 
produced through the steam reforming reaction of a butane 
gas as a hydrocarbon based fuel with steam may be 
contacted with the catalyst for the water gas shift reaction 
according to the present invention, followed by being 
contacted with the Ru-based selective oxidation catalyst, so 
that thus obtained reformed gas may be supplied to the 
polymer electrolyte fuel cell, whereby using the reformed 
gas which is obtained from the fuel through the steam 
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reforming reaction, through the water gas shift reaction and 
through the selective oxidation, electrically generation can 
be carried out by means of the fuel cell. 

Examples 

The present invention will be concretely explained with 
reference to examples. 

Examples 1 to 5 

Using a firing furnace, n-hydrate of zirconium 
hydroxide (Zr0 2 *H 2 0, manufactured by Mitsuwa Chemicals 
Co. Ltd.) was subjected to a firing treatment wherein it was 
heated to a temperature of 500 °C in one hour in an air flow 
of 60 ml/min., and kept at that temperature for one hour, 
and thereby zirconium oxide was obtained as a zirconia 
carrier. 

A predetermined amount of the obtained zirconia 
carrier was charged into an evaporating dish located above 
a water bath. Pure water was added to the carrier and they 
are mixed intimately. An aqueous solution of chloroplatinic 
acid hexahydrate (manufactured by N AC A LA I TESQE INC.) 
was added to the evaporating dish, and pure water was 
further added to reach a predetermined concentration. The 
dish was located above the water bath while stirring so that 
the evaporation to dryness of the contents in the dish was 
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carried out, during which a metal salt depositing on a wall 
of the evaporating dish was washed away with pure water 
into the bottom of the dish. Such depositing salt arose with 
the water evaporation. The evaporation to dryness took 
one hour. 

The obtained material through the evaporation to 
dryness was further dried at a temperature of about 100 °C 
for at least 15 hours. The dried material was pulverized 
into powder in an agate mortar, and the powder was 
subjected to a firing treatment using a firing furnace 
wherein it was heated to a temperature of 500 °C in one 
hour in an air flow of 60 ml/min., and kept at that 
temperature for one hour. 

Then, thus obtained powder was pressed at a pressure 
of about 3600 kg/cm 2 for 10 seconds using a manually 
operated press, and obtained pellets were pulverized into 
particles of which diameter was in the range between 0.5 
mm and 1.0 mm, whereby a catalyst for the water gas shift 
reaction was obtained which supported platinum of 3 % by 
weight (based on the carrier weight) on the zirconia carrier. 

It is noted that by variously changing a charged 
amount of the aqueous solution of chloroplatinic acid, 
catalysts for the water gas shift reaction (Pt/2r0 2 
catalysts) were produced of which supported amounts of 
platinum are different as shown in Table 1 below: 
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Table 1 





supported amount of platinum 


Example 1 


0.5 % by weight 


Example 2 


1.0 % by weight 


Example 3 


3.0 % by weight 


Example 4 


5.0 % by weight 


Example 5 


8.0 % by weight 



As to the above catalysts according to Examples 1 to 5, 
their performances to remove CO were estimated as 
follows: 

The catalyst (0.7 ml) was charged into a reaction tube, 
which was heated to a temperature of 500 °C in one hour 
and kept at that temperature for one hour while flowing 
hydrogen through the tube, so that a reduction treatment of 
the catalyst was carried out. Then, the temperature was 
lowered to 200 °C in one hour while flowing helium followed 
by stopping the flow of helium, and a CO containing gas in 
which H 2 0 and CO was mixed in a molar ratio (H 2 0/CO) of 
1.3 was supplied to the tube at a condition of 3650 (1/hr) 
SV (space velocity) based on CO so that the water gas shift 
reaction was performed at a temperature of 200 °C, 
whereby a CO removing experiment was initiated. 

After the reaction got stable, gas samples were 
obtained at an inlet and an outlet of the tube, and analyzed 
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by means of a gas chromatography (thermal conductivity 
detector) so that a conversion ratio of CO into C0 2 (CO 
conversion) was obtained. Further, the reaction 

temperature was elevated to 250 °C, 300 °C and 350 °C. 
Similarly to the above, samples were obtained after the 
reactions became stable, and analyzed whereby obtaining 
the CO conversions. 

It is noted that a CO removing experiment as 
Comparative Example was also carried out similarly to 
Examples 1 to 5 except that a Cu/ZnO catalyst ("N211" 
manufactured by Nikki Chemical Co., Ltd.) was used and 
the reduction treatment was carried out at a temperature of 
300 °C. The results are shown in Fig. 1. 

Next, aging of the catalysts was measured. This 
measurement was carried out as to the catalysts according 
to Examples 3 and 4 and Comparative Example. After 
carrying out the reduction treatment first as described 
above, the temperature of the reaction tube was lowered to 
250 °C in one hour followed by stopping the helium supply, 
and the CO containing gas was supplied as in the above. 
After the reaction got stable, gas samples were obtained at 
the inlet and the outlet of the tube every 30 minutes, and 
analyzed by means of a gas chromatography so that CO 
conversions were obtained. The results are shown in Fig. 2. 

It is seen from Fig. 1 that there is not so large 
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difference in the catalysts between the Examples and 
Comparative Example. at a temperature of 200 °C, but the 
Pt/Zr0 2 catalyst of each Example (especially the catalyst 
having a larger supported amount) has a larger activity than 
the Cu/ZnO catalyst of Comparative Example. In addition, 
it is seen from Fig. 2 that the activity of Cu/ZnO catalyst of 
Comparative Example gradually decreases just after start of 
the experiment while the activity of Pt/Zr0 2 catalyst of 
Example 3 or 4 does not decrease. 

Therefore, it is contemplated that when considering 
Figs. 1 and 2, the catalyst according to the present 
invention has a CO removing performance which is more 
effective than that of the catalyst of Comparative Example. 

Example 6 

A predetermined amount of the zirconia carrier 
which was prepared in Examples 1 to 5 was charged into an 
evaporating dish located above a water bath. Pure water 
was added to the carrier and they are mixed intimately. An 
aqueous solution of chloroplatinic acid hexahydrate 
(manufactured by N AC A LA I TESQE INC.) and an aqueous 
solution of lanthanum nitrate hexahydrate (manufactured by 
Wako Pure Chemicals Industries, Ltd.) were added to the 
evaporating dish, and pure water was further added to 
reach predetermined concentrations. The dish was located 
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above the water bath while stirring so that the evaporation 
to dryness of the contents in the dish was carried out, 
during which metal salts depositing on a wall of the 
evaporating dish were washed away with pure water into 
the bottom of the dish. Such depositing salts arose with 
proceeding of the water evaporation. The evaporation to 
dryness took one hour. 

The obtained material through the evaporation to 
dryness was further dried at a temperature of about 100 °C 
for at least 15 hours. The dried material was pulverized 
into powder in an agate mortar, and the powder was 
subjected to a firing treatment using a firing furnace 
wherein it was heated to a temperature of 500 °C in one 
hour in an air flow of 60 ml/min., and kept at that 
temperature for one hour, so that platinum was supported at 
in amount of 3.0 % by weight (based on the carrier weight) 
and lanthanum was supported in an amount of 5.0 % by 
weight. 

Then, thus obtained powder was pressed at a pressure 
of about 3600 kg/cm 2 for 10 seconds using a manually 
operated press, and obtained pellets were pulverized into 
particles of which diameter was in the range between 0.5 
mm and 1.0 mm, whereby a catalyst for the water gas shift 
reaction was obtained which supported platinum and 
lanthanum on the zirconia carrier. 
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Examples 7 to 1 6 

Using a salt of a metal which is an active component 
as shown in Table 2 below in place of lanthanum nitrate 
hexahydrate, a catalyst for the water gas shift reaction was 
obtained wherein other metal shown in Table 3 below in 
addition to platinum was supported by the zirconia carrier. 
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Table 2 
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salt of active 
componeni 


manufacturer 
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lanthanum nitrate 
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samarium nitrate 
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Example 1 2 


chromium (III) nitrate 


NACALAI TESQE 


fu 




nonahvdrate 

i i \j i i a 1 1 y u i d l w 






Exa mp I e 1 3 


cerium (III) nitrate 


N AC A LA 1 TESQE 


cn 




hexahvdrate 






Examole 14 


magnesium nitrate 
hexa h ydrate 


Wako Pure 
Chemicals 




Example 1 5 


ammonium 

paratungstate 

pentahydrate 


NACALAI TESQE 




Example 1 6 


ammonium molybdate 
tetrahydrate 


Kojund Kenkyusho 




Example 1 7 


ammonium perrhenate 


Mitsuwa Chemicals 
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Table 3 





s u p p o rte d 
amount of 
Pt (wt %) 


other active 
component 


supported 
amount 
(wt %) 


Exam pie 6 


3.0 


lanthanum 


5.0 


Example 7 


3.0 


praseodymium 


5.0 


Example 8 


3.0 


y tt ri u m 


5.0 


Example 9 


3.0 


neodymium 


5.0 


Example 10 


3.0 


calcium 


5.0 


Example 1 1 


3.0 


samarium 


5.0 


Example 12 


3.0 


chromium 


5.0 


Example 1 3 


3.0 


cerium 


5.0 


Example 1 4 


3.0 


magnesium 


5.0 


Example 1 5 


3.0 


tungsten 


5.0 


Example 16 


3.0 


molybdenum 


5.0 


Example 17 


3.0 


rhenium 


1.0 


Example 1 8 


3.0 


rhenium 


3.0 



As to the catalysts according to Examples 6 to 16 and 
Example 3 prepared as described above, the CO removing 
experiments were carried out similarly to those as 
described above. The results are shown in Fig. 3. Fig. 3 
shows a reaction selectivity which is a ratio of CO 
converted to C0 2 , not to CH 4 , upon the CO removal through 
the conversion of CO to C0 2 at a reaction temperature of 
350 °C, and it is seen that the catalysts according to 
Examples 6 to 16 have higher reaction selecti vities than the 
catalyst according to Example 3 which supports only 
platinum. 
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Example 17. 

A predetermined amount of the zirconia carrier which 
was prepared in Examples 1 to 5 was charged into an 
5 evaporating dish located above a water bath. Pure water 
was added to the carrier and they are mixed intimately. An 
aqueous solution of ammonium perrhenate (manufactured 
by Mitsuwa Chemicals Co. Ltd.) was added to the 
^ evaporating dish, and pure water was further added to 

1= 10 reach a predetermined concentration. The dish was located 
above the water bath while stirring so as to dry at a 

*y temperature of about 100 °C for at least 15 hours, during 

-3 

;r= which a metal salt depositing on a wall of the evaporating 

l~ } dish were washed away with pure water into the bottom of 

f: 15 the dish. Such depositing salt arose with proceeding of the 

water evaporation. As a result, rhenium was supported by 

the zirconia carrier. 

Then, using the zirconia carrier supporting rhenium, 

platinum was supported by the carrier similarly to Examples 
20 1 to 5, so that a catalyst for the water gas shift reaction 

was obtained wherein the zirconia carrier supported 3.0 % 

by weight of platinum and 1.0 % by weight of rhenium. 
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Example 1 8 

Similarly to Example 17 except that an added amount 
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of the aqueous solution of ammonium perrhenate 
(manufactured by Mitsuwa Chemicals Co. Ltd.) was changed, 
a catalyst for the water gas shift reaction was obtained 
wherein the zirconia carrier supported 3.0 % by weight of 
5 platinum and 3.0 % by weight of rhenium. 

As to the prepared catalysts of Examples 17 and 18 

^ and Example 3 and Comparative Example, the CO removing 

)p s experiments were carried out similarly to the above. The 

It 1 10 results are shown in Fig. 4. It is seen from Fig. 4 that the 

Jj! catalysts of Examples 17 and 18 have high activities, and 

— they are highly active even at a temperature equal to or 

:H lower than 250 °C. 

G 

ff 15 Example 19 

A predetermined amount of the zirconia carrier which 
was prepared in Examples 1 to 5 was charged into an 
evaporating dish located above a water bath. An 
appropriate amount of pure water was added to the carrier 

20 and they are mixed intimately. An aqueous solution of 
chloroplatinic acid (manufactured by NACALAI TESQE INC.) 
was added to the evaporating dish, and pure water was 
further added to reach a predetermined concentration. The 
dish was located above the water bath while stirring so that 

25 evaporation to dryness of the contents in the dish was 
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carried out for one hour, during which a metal salt 
depositing on a wall of the evaporating dish were washed 
away with pure water into the bottom of the dish. Such 
depositing salt arose with proceeding of the water 
evaporation. The obtained material through the evaporation 
to dryness was dried dry at a temperature of about 100 °C 
for at least 15 hours. 

The catalyst thus obtained was stirred in hot water (at 
a temperature of about 100 °C) for about one hour followed 
by settling and filtrating the catalyst. This process was 
repeated until the filtrate became clear. Then, the filtrated 
catalyst was dried at a temperature of 1 00 °C for at least 
15 hours. 

Then, thus obtained catalyst was pressed at a 
pressure of about 3600 kg/cm 2 for about 10 seconds using 
a manually operated press, and obtained pellets were 
pulverized into particles of which diameter was in the range 
between 0.5 mm and 1.0 mm, whereby a catalyst for the 
water gas shift reaction was obtained which supported 
platinum of 3.0 % by weight on the zirconia carrier. 

As to the prepared catalyst of Examples 19, the same 
activity aging experiment was carried out similarly to the 
experiments as to the catalysts of Examples 3 and 4 and 
Comparative Example. The results are shown in Fig. 5. It 
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is seen from Fig. 5 that the catalyst of Example 19 has a 
further higher activity than of course the catalyst of 
Comparative Example or the catalyst of Example 3 or 4, and 
that similarly to the catalysts of Examples 3 and 4, the 
activity of the catalyst of Example 19 does not degrade. 

Examples 20 to 27 

Using a firing furnace, an agent shown in Table 4 
below was subjected to a firing treatment wherein it was 
heated to a temperature of 500 °C in one hour in an air flow 
of 60 ml/min., and kept at that temperature for one hour, 
and thereby a carrier of each of Examples 20 to 27 was 
prepared . 

A predetermined amount of the obtained each carrier 
was charged into an evaporating dish located above a water 
bath. Pure water was added to the carrier and they are 
mixed intimately. An aqueous solution of chloroplatinic 
acid hexahydrate (manufactured by NACALAI TESQE INC.) 
was added to the evaporating dish, and pure water was 
further added to reach a predetermined concentration. The 
dish was located above the water bath while stirring so that 
the evaporation to dryness of the contents in the dish was 
carried out, during which a metal salt depositing on a wall 
of the evaporating dish was washed away with pure water 
into the bottom of the dish. Such depositing salt arose with 
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the water evaporation. The evaporation to dryness took two 
hours. 

The obtained material through the evaporation to 
dryness was further dried at a temperature about 100 °C for 
at least 15 hours. The dried material was pulverized into 
powder in an agate mortar, and the powder was subjected 
to a firing treatment wherein it was heated to a temperature 
of 500 °C in one hour in an air flow of 60 ml/min., and kept 
at that temperature for one hour. 

Then, thus obtained powder was pressed at a pressure 
of about 3600 kg/cm 2 for 10 seconds using a manually 
operated press, and obtained pellets were pulverized into 
particles of which diameter was in the range between 1.4 
mm and 2.0 mm, whereby a catalyst for the water gas shift 
reaction was obtained. The catalyst of each Example 
supported 3 % by weight of platinum. 



Table 4 



Example 


feedstock for carrier 


manufacturer 


Example 20 


alumina 


NACALAI TESQE 
INC. 


Example 21 


titania 


reference catalyst 
of Catalysis Society 


Example 22 


silica 


Davison Inc. 


Example 23 


magn sia 


KANTO KAGAKU 


Exampl 24 


niobium oxid 


NACALAI TESQE 
INC. 
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Example 25 


zinc oxide 


NACALAI TESQE 
INC. 


Example 26 


chormium oxide 


NACALAI TESQE 
INC. 


Example 27 


zeolite 


reference catalyst 
of Catalysis Society 



As to the catalysts for the water gas shift reaction of 
Example 3 and 20 to 27, the CO removal performances were 
estimated. The estimation experiments were carried out as 
5 follows: 

First, 3.3 ml of the catalyst for the water gas shift 
reaction was charged in to a reaction tube, and H 2 0 and a 
gas mixture which contained H 2 (70 %), CO (10 %), C0 2 
(15 %) and CH 4 (5 %) were supplied to the tube under 

10 conditions of a molar ratio (H 2 0/CO) of 7.5 and SV (based 
on the gas mixture) of 5000 (1/hr). The reaction for the CO 
removal started at a temperature of 250 °C. 

After the reaction got stable, a sample was obtained 
from an outlet of the reaction tube, and analyzed using gas 

15 chromatography (thermal conductivity detector and flame 
ionization detector), whereby the conversion of CO to C0 2 
was obtained. 

The results are shown in Fig. 6. It is seen from Fig. 6 
that the activity of the catalyst of each Example is higher 
20 than that of the Cu/ZnO catalyst of Comparative Example. 
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Example 28 

Using the catalyst for the water gas shift reaction 
according to Example 17, the CO removing performance 
from a hydrogen gas which contained carbon monoxide was 
estimated. Experiments for the evaluation were carried out 
similarly to those as to the catalysts of Examples 20 to 27. 
It is noted that the similar CO removal experiments were 
carried out using the Cu/ZnO catalyst as Comparative 
Example. 

The results are shown in Fig. 7. It is seen from 
Fig. 7 that the GO removal of Example 28 shows a further 
higher CO removal compared with the Comparative Example. 

Example 29 

A reformed gas rich in hydrogen which was produced 
from a butane gas as a hydrocarbon based fuel and steam 
through the steam reforming reaction was contacted with 
the catalyst for the water gas shift reaction according to 
Example 17, and then contacted with an Ru-based selective 
oxidation catalyst, and thus obtained reformed gas was 
supplied to a polymer electrolyte fuel cell. An amount of 
the reformed gas supplied to the fuel cell was 11.6 
liters/min. according to an integrating flowmeter, and 
electricity generation of the fuel cell was estimated using 
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an electronically loading device (electronic load device). 

Generation performance of the fuel cell is shown in the 
following table: 



current 


voltage 


electric power generation 


20 amperes 


16.8 volts 


336 watts 



As seen from the above table, it is confirmed that in 
the fuel cell system of Example 29 the electricity 
generation is possible by means of the fuel cell using the 
reformed gas obtained by the steam reforming reaction of 
the fuel and through the water gas shift reaction and the 
selective oxidation reaction. 



